Abstract Sea cucumber fisheries are now occurring in most of the tropical areas of the world, having expanded from its origin in the central Indo-Pacific. Due to the overexploitation of these resources and the increasing demand from Asian countries, new target species from Mediterranean Sea and northeastern Atlantic Ocean are being caught. The fishery effects on biometry and genetic structure of two target species (Holothuria polii and H. tubulosa) from Turkey, were assessed. The heaviest and largest individuals of H. polii were found into the non-fishery area of Kusadasi, also showing the highest genetic diversity. Similar pattern was detected in H. tubulosa, but only the weight was significantly higher in the protected area. However, the observed differences on the fishery effects between species, could be explained considering the different percentage of catches (80% for H. polii and 20% for H. tubulosa).
Introduction
Most of global finfish catches have declined or remained stable since the early 1990s, whereas global invertebrate catches kept increasing (Anderson et al., 2011) . Some of those catches started hundreds years ago (i.e., sea cucumbers in China, 1,000 years ago; Conand, 1989 Conand, , 1990 Lovatelli et al., 2004; ToralGranda et al., 2008; Purcell et al., 2013) , but most of them have quickly expanded over the last decades. Invertebrate fisheries are typically less assessed and monitored, and often unregulated, which hamper their sustainability.
Sea cucumber fisheries are now occurring worldwide, having expanded from its origin in the central Indo-Pacific where they have been active since 1700s (Conand, 1990; Lovatelli et al., 2004; Toral-Granda et al., 2008; Eriksson et al., 2012a; Purcell et al., 2013; Purcell, 2014) . Particularly, tropical fisheries contribute most to global captures, involving a multi-species complex. Those fisheries are often small-scale, typified by fishers gleaning at low tide, or free-diving on shallow reefs (Conand, 2004 (Conand, , 2008 Eriksson et al., 2012a) . Sea cucumbers are sometimes eaten locally, although most of the captures are boiled, dried and exported to the distribution hubs in Asia mainly as ''bêche-de-mer'' (Conand & Byrne, 1993; Conand, 2008; Purcell, 2014) . In contrast, most of temperate fisheries are rather industrialized, single-species and involve large boats with sophisticated gear to harvest from deep waters or with hookah diving systems (Aydin, 2008; Hamel & Mercier, 2008; .
Annual total global catch of sea cucumbers in form of live animals is around 100,000 tonnes (Purcell, 2010) , resulting on overfishing in many countries (Conand, 2004 (Conand, , 2008 . The life-history traits of holothurians make them particularly vulnerable to overexploitation due to late age at maturity, reproduction on an infrequent annual basis (broadcast spawners), density-dependent reproductive success, low or infrequent recruitment, high longevity and slow growth .
Overfishing in tropical areas together with the increasing demand from Asian countries has forced the catch of new target species from Mediterranean Sea and Northeastern Atlantic Ocean (Aydin, 2008; González-Wangüemert & Borrero-Pérez, 2012; González-Wangüemert et al., 2013a, b) . Holothuria polii, H. tubulosa, H. mammata and Parastichopus regalis are target species on Turkish fisheries, despite of scarce information on their ecology, reproduction, feeding and biology (Coulon & Jangoux, 1993; Mezali et al., 2006; Kazanidis et al., 2010) .
Turkish sea cucumber fisheries started in 1996 and reached around 600 tonnes in 2011; H. polii represented the 80% of these catches . They are mainly exported to Asian countries as frozen, dried, and salted products (Aydin, 2008; Aydin et al., 2011) . Hookah diving vessels are the most commonly used to catch sea cucumbers through underwater breathing devices. Such practices have been described as a ''human and environmental disaster'', mainly due to the high risk of personnel accidents and indiscriminate harvesting (Maillaud, 1999; Ruffez, 2008; Eriksson et al., 2012a) . Despite that scuba diving for sea cucumbers is being carried out commonly in the Western Indian Ocean and nowadays also in the Eastern Mediterranean Sea (Turkey), only one systematic study has been done focusing on this category of mobile fishing in Zanzibar (Eriksson et al., 2012a) . Therefore, sea cucumber fisheries in Turkey is a matter of concern, considering those three factors: (1) new target species are being caught without any previous data about their ecology, growth, reproduction and feeding; (2) those species occur in sympatry, showing similar external morphology, and thereby complicating their identification; (3) fishery practices are extremely dangerous for the fisherman, also with unknown consequences on the population dynamics of the species and the ecosystems. In this work, we address those gaps of knowledge by studying the genetic and biological effects of the Turkish hookah diving fishery on two sea cucumber species (Holothuria polii and H. tubulosa), with these specific aims: (i) to evaluate the conservation status of the two target species by analyzing and comparing biological parameters of stocks (size distribution and weight classes) in a traditional fishery area (Ayvalik) and a non-fishery area (Kusadasi) and (ii) to establish the relationships between observed genetic diversity patterns with the effects of fishery selection.
Methods

Sampling
Sea cucumber captures in Turkey are authorized by the General Directorate of Fisheries and Aquaculture (GDAR) and by the Ministry of Food, Agriculture and Livestock (MoFAl). In 2002, MoFAL established a closed fishery season for sea cucumber during the summer (1st August-15th September) in the Northern Turkish coasts. This closed fishery season was maintained until 2007, when MoFAL published a new regulation allowing hand catch of sea cucumbers (using diving equipment) from the 15th of September to the 15th of July in the Northern Aegean Sea (Turkey). Finally, in September 2012, MoFAL restricted the sea cucumber fishery in the Northern Aegean Sea and opened this activity to the Southern region, establishing a closed fishery season from June to October . Therefore, no more populations without fishery impact can be sampled in this area.
The study focused on the Eastern Aegean Sea during the fishing season in March 2012 (Fig. 1) . The sea cucumber sampling was carried out using the facilities offered by hookah diving vessels which are commercially operating in Ayvalik (fishery area) and using experimental fisheries in Kusadasi (non-fishery area). The samplings in Kusadasi were carried out before the opening of the sea cucumber fishery (September 2012).
Alive specimens of H. polii and H. tubulosa were transferred to the laboratory in sea water and under refrigerated conditions. We registered the total length (EL ± 0.01 cm) and eviscerated weight (EW ± 0.01 g) for each individual. The eviscerated length and weight were registered on 100 individuals for each species (H. polii and H. tubulosa). For each specimen, a sample of the internal longitudinal muscle bands or body wall was taken and preserved in absolute ethanol for genetic analysis.
Biometry analysis
The size classes (EL) for each species and locality were represented using bar graphics. Differences in length and weight parameters among fishery and nonfishery localities for each target species were tested by ANOVA considering the ''locality'' as factor. These analyses were performed in R statistical software (R Development Core Team, 2010), using ''ade4'' (Chessel, 1992) and ''mgcv'' (Wood, 2006) packages.
Genetic analysis
According previous genetic studies carried out on sea cucumbers (Vergara-Chen et al., 2010; Borrero-Pérez et al., 2011; González-Wangüemert & Borrero-Pérez, 2012; Valente et al., 2014) , a representative number of individuals from each locality were analyzed. DNA extractions were done based on Sambrook et al. (1989) protocol. Dilutions from DNA extractions varied between 1:100 to 1:400 based on their concentration and cleanliness. Fragments of the mitochondrial genes cytochrome oxidase I (COI) and 16S rRNA were amplified by the polymerase chain reaction (PCR) using the following primers: COIceF 5 0 -ACTGCC-CACGCCCTAGTAATGATATTT-3 0 and COIceR 5 0 -TCGTGTGTCTACGTCCATTCCTACTGT-3 0 , specifics for echinoderms (Hoareau & Boissin, 2010; 16Sar-L 5 0 -CGCCTGTTTATCAAAAACAT-3 0 and Fig. 1 Map showing the sampling localities in Turkish coasts 16SB 5 0 -CTCCGGTTTGAACTCAGATCA-3 0 , universal primers for invertebrates (Palumbi, 1996) . For both genes, PCR reactions were carried out in 25 ll volume reaction containing 2.5 ll amplification buffer (109), 2.5 ll of each primer (forward and reverse) (10 mM), 1.0 ll of MgCl 2 (50 mM), 0.2 ll of dNTP mix (25 mM), 0.5 ll of 1 U Taq polymerase, and 1 ll of DNA diluted.
For COI, amplification proceed with an initial denaturation temperature at 95°C for 3 min, then 40 cycles of denaturation at 94°C for 4 s, annealing to 45°C for 1 min 10 s and extension at 72°C for 1 min 10 s followed by a final extension at 72°C for 5 min. For 16S, amplification proceed with an initial denaturation temperature at 95°C for 3 min, then 40 cycles of denaturation at 94°C for 20 s, annealing to 45°C for 20 s, and extension at 72°C for 20 s followed by a final extension at 72°C for 10 min. A 4-ll sample of each PCR product together with 3 ll of Green GoTaq Ò reaction buffer was run on 1.5% agarose gel and stained with GelRed TM . DNA fragments were sequenced by the molecular biology service at CCMAR facilities (http://www. ccmar.ualg.pt/, Faro, Portugal) in an ABI Prism 3130 automated genetic analyzer (Applied Biosystems).
Sequences were fixed using FinchTV (v.1.4.0) and aligned using muscle alignment method (v.3.5; Edgar, 2004) implemented in Seaview software (v.4.3.1) and revised manually later. Haplotype (H) and nucleotide (p) diversities, total number of haplotypes, exclusive haplotypes, and polymorphic sites as descriptors of the genetic diversity were calculated for each sample using ARLEQUIN software (v.3.5.1.3).
Results
Biometry
A total of 200 sea cucumbers belonging to the two target species (50 individuals per locality and per species) were collected and measured. Holothuria polii eviscerated individuals ranged in length from 8 to 13 cm in Ayvalik (fishery area), and from 9 to 17 cm in Kusadasi (non-fishery area), showing both localities a unimodal frequency distribution (Fig. 2) . Holothuria tubulosa showed a multimodal distribution in both areas, ranging in length from 10 to 23 cm (EL) (Fig. 2) . Individuals from Ayvalik showed lower weight than specimens from Kusadasi considering both species (Fig. 2) .
The eviscerated length and weight of the different species were also analyzed in each locality (Table 1 ; Fig. 3 ). The ANOVA performed on the fishery and non-fishery localities detected significant differences for the length in H. polii showing the larger individuals in Kusadasi (non-fishery area) ( Table 1) . Considering the eviscerated weight, the ANOVA showed significant differences for the two species, finding the heaviest individuals of H. polii and H. tubulosa in Kusadasi (Table 1; Fig. 3 ).
Genetics
Analysis of COI sequences 517 bp in length from 42 individuals of Holothuria polii from Ayvalik and Kusadasi showed 23 different haplotypes (GENBANK codes: KJ493888, KJ49389, KJ493895, KJ493899, KJ493900, KJ493897, KJ493902, KJ493897, KJ493894, KJ493889, KJ493898, KJ493893, KJ493892, KJ493896, KJ812189-KJ812197), of which 7 were shared among both localities and the other ones were exclusive haplotypes for Kusadasi (10) and Ayvalik (6) ( Table 2) . We found the highest genetic diversity (total number of haplotypes, number of exclusive haplotypes, polymorphic sites, haplotype and nucleotide diversities) in Kusadasi, where sea cucumber fishery is not allowed (Table 2) . When analyzed the 16S gene for the same individuals, sequences of 432 bp were obtained and 16 haplotypes found (GENBANK codes: KJ408308, KJ408306, KJ408307, KJ408280, KJ408289, KJ812154-KJ812164). Four haplotypes were shared between localities and 6 exclusive haplotypes per locality were registered (Table 2) . For this gene, Kusadasi showed again the highest genetic diversity considering the values of polymorphic sites, haplotype and nucleotide diversity.
The analysis of COI region in 35 individuals of Holothuria tubulosa allowed to obtain sequences 592 bp in length, describing 23 haplotypes (GEN-BANK codes: KJ719531-KJ719553), only two shared between localities (Table 2) . For this species, the haplotype diversity was only higher in Kusadasi sample, with similar values for the other diversity parameters in both sampling sites. Analysis of 16S sequences 467 bp in length from 45 individuals of H. tubulosa detected 14 haplotypes (GENBANK codes: KJ812175-KJ812188), 4 of them also shared between localities. Ayvalik locality showed the highest values of genetic diversity, considering all parameters except for nucleotide diversity which was higher in Kusadasi (Table 2) .
Discussion
Biometry and reproduction
Life-history theory and experimental studies predict that the fishery selective mortality will lead to slower growth, higher reproductive investment and maturation at younger ages (Law, 2007; Walsh & Reznick, 2008) . Most fisheries target large individuals, so that fisheries-induced mortality is highly size selective with important repercussions for the sustainability of the resources (Kuparinenn & Merila, 2007; Audzijonyte et al., 2012) .
As it was explained previously, sea cucumber fisheries are increasing in the Mediterranean Sea with very important catches (around 600 tonnes/year in 2011), which are focused mainly on Turkish waters (Aydin, 2008; . However, no evaluation about the effects of that fishery on the Mediterranean species has been carried out until now. Results obtained from this study, demonstrated the lost of the larger size classes on an exploited population of H. polii and a significant reduction of its length and weight. Those effects, larger, and heavier individuals in Kusadasi (nonfishery area), were also found on H. tubulosa although only the weight differences among protected and nonprotected areas were significant. The effects of the fishery could be more important and evident on H. polii because around 80% of the sea cucumbers caught in Turkey belong to this species, and only 20% to H. ). These differences on the catches for each species could be due to a higher density of H. polii on Turkish waters. However, other reasons such as the preferences of the Asian market for this species or its gregarious behavior in shallow waters which facilitates the collection, could justify those observations too. Mezali et al. (2006) carried out a study on H. tubulosa and H. polii inhabiting Posidonia oceanica meadows from Algerian waters, finding higher density for the first species. In the present study, any sampling in Turkish waters was done on P. oceanica meadows. Therefore, density differences found among regions could be affected by the habitat rather than the geographical area. The observed changes in the adult body sizes could be also changing predator-prey interactions, mainly because new predator species could take advantage of the length/weight reduction in fishery areas, considering them an achievable food resource (Kuparinenn & Merila, 2007) . Although, we were not able to test this hypothesis with the data available, further studies should try to address this potential fishery effect on Turkish populations.
Because of the positive correlation between body size and fecundity in sea cucumbers (Kazanidis et al., 2014) , a reduction in the age at maturation could be also expected as a consequence of the fisheries, ultimately reducing the age-specific sizes of adult individuals and the reproductive potential of the population such as it has been demonstrated in fish previously (Neuheimer & Taggart, 2010; Chuwen et al., 2011 and references therein) . Furthermore, if a reduced average body size is not compensated by an increase of the population abundance, which is highly unlikely in sea cucumbers considering their low effective recruitment, the biomass and yield of the stock should decrease too (Audzijonyte et al., 2012) . This fact could be happening in some sea cucumber stocks from Northern Turkey due to the increase of their catches in the last years favored by a higher economical value and growing foreign demand (Aydin, 2008; . In fact, MoFAL (Ministry of Food, Agriculture and Livestock, Turkey), due to the reduction of the stocks and low profitability of their fisheries in the northern area (lower number of individuals per effort unit and smaller specimens), forbidden the sea cucumber fishery in this zone since September 2012 and opened the South region previously protected .
Genetic diversity and effects of MPAs
Marine protected areas (MPAs) on high-value species of sea cucumbers have demonstrated very beneficial effects for protection (Cariglia et al., 2013) : (1) the probability of observing holothurians in protected areas (*80%) was twice that in areas subjected to fishing; (2) the probability of observing holothurians of high or medium commercial value was 10-fold greater inside rather than outside MPAs; (3) MPAs helped to conserve high densities of holothurians with economic importance. Previously, similar results were also registered in Mayotte reefs (Western Indian Ocean), a protected area without sea cucumber fisheries (Eriksson et al., 2012b) . A recent study reviewing a high number of MPAs from New Zealand and considering fishes and macro-invertebrates concluded that MPAs are also reference sites for conserving natural genetic and population structure (Costello, 2014) .
'No-take' marine protected areas are an important tool to manage coastal fisheries, which could prevent the collapse of stocks (Sale et al., 2005; Teske et al., 2010) . Primary considerations when designating MPAs are the conservation of biodiversity and the maintenance of ecosystem functioning. Another subjects such as connectivity between MPAs and conservation of genetic diversity, should be also important aspects for designing, but those are rarely considered (Roberts et al., 2003) . Scarce information has been published about the ''genetic effects'' of fishery protection, and any data is available for sea cucumbers under this topic. Pérez-Ruzafa et al. (2006) working on white seabream (Diplodus sargus) demonstrated that non-fishery populations had significantly higher total and standard allelic richness than fishery ones. The three MPAs considered in that work, provided 97.3% of the total number of alleles found in all the Western Mediterranean populations of D. sargus and 9.5% of this area's genetic pool is shut away from those marine reserves. Considering these results, authors also concluded that fish sanctuaries act as reservoirs for rare alleles, thus precluding their extinction. Similar conclusions, with higher genetic diversity in MPAs, were obtained for another fish target species (Mullus surmuletus and M. barbatus) (Félix-Hackradt et al., 2013) . Our results describe a similar pattern, especially on H. polii which shows the highest genetic diversity (COI and 16S genes) in the protected area (Kusadasi). This pattern showing higher genetic diversity on the protected population is also observed on H. tubulosa species considering the haplotype (COI) and nucleotide (16S) diversity. The differences on the genetic patterns observed among species, could be explained considering the specific percentage of the catches (González-Wangüemert et al., 2014), being much higher on H. polii (80%) and therefore showing more evident effects on this species.
Previous works on sea cucumber population genetics also corroborate our findings. Turkish localities under fishery pressure such as Foça (H. mammata) and Ayvalik (H. tubulosa), showed very low genetic diversity compared with other localities sampled in the Atlantic Ocean (only H. mammata) and Mediterranean Sea (H. mammata and H. tubulosa) (BorreroPérez, 2010; Borrero-Pérez et al., 2011) . A recent genetic study on H. polii established the highest genetic diversity of this species in Kusadasi (Valente et al., 2014) . A gradient of genetic diversity can be described from Eastern to Western Mediterranean Sea, locating the origin of H. polii in Turkish waters. This assertion is justified because of the oldest expansion time and the highest genetic diversity of all studied localities (number of total and exclusive haplotypes, polymorphisms, haplotype and nucleotide diversity) were observed in Kusadasi (Turkey).
The higher genetic diversity in the protected area could be crucial to the survival of sea cucumbers species. The high number of exclusive haplotypes showed in Kusadasi area may increase their fitness under unusual conditions (Ryman et al., 1995; Pérez-Ruzafa et al., 2006; Vergara-Chen et al., 2010; González-Wangüemert & Vergara-Chen, 2014) . That genetic diversity could provide the raw material for the maintenance of the diversity longer evolutionary time-scales and may also confer the basis for adaptation to environmental change (Sanford & Kelly, 2011; González-Wangüemert & Vergara-Chen, 2014) .
Conclusions and conservation implications
Considering our results, fishery pressure could be reducing the size of the individuals and decreasing the genetic diversity of sea cucumber stocks along Turkish coastal areas. MoFAL should control the number of vessels with permissions to work on the fishery area, as well as illegal catches (such as they were previously registered, and vessels could be penalized. The current fishery effort in Turkey is extremely heavy ranged from 720,000 to 1,080,000 sea cucumbers per day (González-Wangüemert et al., 2014), mainly focused on H. polii. Therefore, a reduction of the number of vessels catching sea cucumbers or the number the hours working during the day should be implemented in the fishery areas.
Kusadasi was showing healthy sea cucumber populations (H. polii and H. tubulosa) as result of the fishery protection. However, the changes that follow its recent opening (September 2012) to the sea cucumber fishery, should be evaluated.
In fact, MPAs could be established in places with pristine sea cucumber populations (MPAs network) mainly for H. polii, the most important target species. Those zones could protect primary breeding grounds favoring the recruitment and biomass exportation on close fishery areas. Also, some restricted zones in those MPAs could support traditional fisheries, although the use of hookah fishery should be forbidden. Likely, this MPAs network would favor a better management of the sea cucumber fisheries in Turkey, conserving the genetic diversity of the species too.
